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Abstract

Background Patients with Sjogren’s syndrome, like other patients with autoimmune disorders, display dysregulation
in the function of their immune system. Fas and Fas Ligand (FasL) are among the dysregulated proteins.

Methods We studied Fas and FasL on IL.-2Ra™* cells and in serum of patients with Sjégren’s syndrome (n=16) and
healthy individuals (n=16); both from same ethnic and geographical background. We used flow cytometry and
enzyme-linked immunosorbent for this purpose. We also measured the expression of Bc/-2 and Bax by reverse
transcription quantitative real-time PCR (RT-gPCR) and percentage of apoptotic and dead cells using Annexin V and
7-AAD staining in lymphocytes.

Results FasL was increased in patients'T and B cells while Fas was increased in patients'monocytes, T and B cells.
No signs of increased apoptosis were found. sFas and sFasL in patients’serum were increased, although the increase
in sFasL was not significant. We suspect an effect of non-steroidal anti-inflammatory therapy on B cells, explaining
the decrease of the percentage Fas™ B cells found within our samples. In healthy individuals, there was a noticeable
pattern in the expression of Fasl which mutually correlated to populations of mononuclear cells; this correlation was
absent in the patients with Sjégren’s syndrome.

Conclusions Mononuclear cells expressing IL-2Ra* had upregulated Fas in Sjogren’s syndrome. However, the rate
of apoptosis based on Annexin V staining and the Bcl-2/Bax expression was not observed in mononuclear cells. We
suspect a functional role of abnormal levels of Fas and FasL which has not been cleared yet.
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Background

Besides its physiological role (of inducing apoptosis), the
Fas—Fas ligand (FasL) pathway was implicated in autoim-
mune diseases with diverse background, such as systemic
lupus erythematosus (SLE) and multiple sclerosis. The
outreach of this pathway tells us how complex autoim-
mune diseases are and that a patient’s body battles many
changes when going from physiological state to the harm-
ing autoimmune responses [1-3]. Our study on Fas and
FasL in cells expressing IL-2Ra is another small piece of
information that explains involvement of these proteins
in pathogenesis of Sjogren’s syndrome, and that their
function goes beyond the well-known role in apoptosis.
Indeed, Fas-FasL interaction which leads to cell prolifera-
tion, autoantigen generation or reverse signalling path-
way by FasL, has been described in detail [4—6]. Although
apoptosis is one of the known mechanisms which can
destroy exocrine glands, specifically acinar cells, results
of the studies on lymphocyte apoptosis in Sjogren’s syn-
drome are conflicting [7, 8]. Mononuclear cells, primarily
lymphocytes, infiltrate the exocrine glands and express
FasL which in a common setting, induces apoptosis in
cells carrying Fas. Both Fas and FasL were previously
described to be abnormally expressed by various cells in
patients with Sjogren’s syndrome [9, 10].

Many cells constitutively express Fas while the expres-
sion of FasL is usually restricted to the immune cells. In
activated T cells, the upregulation of transcription factor
IRF-1 as well as NF-kB is necessary for the expression of
FasL [11, 12]. A binding site for NF-kB is present in the
Fas gene too, thus resulting upregulation of both FasL
and Fas in activated cells is imaginable [13].

Question remains whether activated T and B cells in
the patients with Sjogren’s syndrome undergo apoptosis
after executing their function. When comes to Fas and
FasL, there are many check points in which apoptosis can
be suspended and diverted. Beginning with soluble forms
of Fas and FasL (sFas and sFasL) that may not only inter-
fere with apoptosis but also support cell proliferation,
neat interplay between downstream proteins determines
the result of Fas signalling [14—17]. sFas and sFasL were
found dysregulated in the patients with Sjogren’s syn-
drome; in some studies, their abnormal level was even
correlating to clinical features and prognosis [18-20].

FasL-induced apoptotic pathway commonly involves
death-inducing signalling complex (DISC) formation
by recruiting the adaptor protein, Fas-associated pro-
tein with death domain, FADD, to death domains of the
oligomerized receptor and the subsequent caspase 8/10
activation [21]. However, the ligation of Fas with sFasL
that is generated by cleavage of membrane FasL by matrix
metalloproteinase-7 (MMP7) does not lead to FADD and
caspase-8 recruitment [22]. Instead, calcium-inducing
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domain of Fas interacts with phospholipase Cyl [3].
The molecular complex which is formed is referred to as
motility-inducing signalling complex [23]. It has no apop-
totic function, but it promotes (not only) Th17 endothe-
lial transmigration. Therefore, high level of sFasL is likely
to play the pathological role by enhancing Th17 migra-
tion to afflicted tissues in patients with autoimmune dis-
eases. Disruption of this pathway may represent a good
target for the therapy [24].cFLIP (cellular FLICE-like
inhibitory protein) is another regulatory protein that
can be recruited along with caspase-8 to the DISC. In T
cells, cFLIP is capable of both inhibition of apoptosis and
support of proliferation [25]. Following the activation of
TLRs, cFLIP is also an essential protein in proliferation of
B cells [26]. Other regulatory proteins include Bcl-2 and
Bax. If upregulated, Bcl-2 can prevent Bax oligomeriza-
tion [27, 28].0nly oligomerised Bax anchors in the mito-
chondrial membrane and induces the formation of pores
through which cytochrome c and Diablo (SMAC) escape.
Thus, Bax works as the pro-apoptotic protein while Bcl-2
acts as the anti-apoptotic protein [29, 30]. As such, they
were used in this study.

Downstream activated caspase-3 is an executioner
caspase in apoptosis but also represents another regu-
latory point as it can participate in the generation of
an excessive number of autoantigens, such as «a-fodrin
and cleaved poly signalling (ADP-ribose) polymerase,
which both accompany autoimmune diseases, including
Sjogren’s syndrome [5, 31].

As mentioned before, upregulation of (unmutated) Fas
and FasL does not necessary lead to apoptosis and the Fas
signalling pathway can not only result in the increased
survival and proliferation of autoreactive immune cells
but also autoantigen generation. Although several poly-
morphisms have been reported in association with
autoimmune diseases, epigenetic modulation of gene
expression and the interplay between pathways may take
part in various outcomes of the signalling, and hence the
severity of clinical symptoms of a given disease [32-34].

In Sjogren’s syndrome, unusual expression of IL-2/(s)
IL-2Ra has been also described. IL-2Ra represents the
low-affinity receptor with no signalling function while
combining IL-2Ra with the  and y chain generates high-
affinity trimeric complex. Only cytoplasmic part of IL-23
transduces signal following IL-2 binding [35]. Among
transcription factors activated by the IL-2 signalling
pathway belongs STAT5 with differing level of phospho-
rylation observed in peripheral blood cells of Sjogren’s
syndrome patients [36, 37].

IL-2Ra is expressed in lymphocytes as well as mono-
cyte/macrophages population [38—41]. As for CD4" and
CD8* T cells, IL-2Ra is only minimally expressed unless
their TCR is stimulated [35]. In contrast, Tregs stably
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express trimeric IL-2R at high level and can respond to
the low concentration of IL-2 thus outcompeting other
lymphocytes that increase IL-2Ra only transiently during
activation [42]. Both CD4" and CD8" T cells secrete high
concentrations of IL-2 upon activation. IL-2 has an auto-
crine effect on these cells [43, 44]. On the other hand,
Tregs are incapable of IL-2 production and depend on
paracrine production [45]. Their response on IL-2 stimu-
lation differs in Sjogren’s syndrome patients [37].

Some B cells also express IL-2Ra. These subsets carry
considerably higher level of immunoglobulins on their
surface and work better as antigen presenting cells
than the subsets without IL-2Ra [46]. Therefore, B cells
expressing IL-2Ra are suspected of playing a part in the
pathology of Sjogren’s syndrome.

High serum levels of sIL-2Ra are found during lym-
phocyte activation and involvement of this protein has
been reported in several autoimmune disease, includ-
ing Sjogren’s syndrome [37, 47]. Fas/FasL and IL-2Ra/
IL-2 correlate with severity of Sjogren’s syndrome and
the efficacy of its treatment [37, 47, 48] Anti-inflamma-
tory drugs (NSAIDs) can interfere with proliferation and
apoptosis via several mechanisms [49]. These involve
activation of caspases by intrinsic and extrinsic death
receptor mediated pathway. Both induced pathways are
likely to converge in mitochondria [50]. The fact that
NSAIDs can increase apoptosis of lymphocytes with

Table 1 Demographic and clinical data
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autoimmune features may be beneficial for patients with
Sjogren’s syndrome.

In this article, we followed the expression of Fas, FasL,
and IL-2Ra in mononuclear cells to either confirm or
exclude their abnormal levels in patients with Sjogren’s
syndrome. High expression of Fas and FasL is connected
to cell apoptosis. As we confirmed increased level of Fas
and FasL in given patients’ cells, we also tested the rate
of apoptosis. As no increase rate of apoptosis was found
among mononuclear cells, we specifically investigated
the expression of Bcl-2 and Bax in B cells and CD4 T cells
as described further.

Methods
Patients and controls
A group of 16 patients with primary Sjégren’s syndrome
participated in this study. All patients fulfilled the Euro-
pean-American consensus group criteria (AECC). The
diagnosis of Sjogren’s syndrome was driven on the basis
of a routine evaluation of the patient’s symptoms and
laboratory results (auto-antibody analysis, test of sali-
vary flow rate, Schirmer’s test, medical records, etc.) per-
formed at the Departments of Dentistry, Immunology
and Allergy, Rheumatology and Ophthalmology at the
University Hospital in Hradec Kralove, CZ, Table 1.

The control group consisted of 16 healthy indi-
viduals who matched the patients in gender and age.

Controls (16) Patients (16)

Controls (16) Patients (16)

Men/Women 1715 2/14
Age (years) 535 56
Leukocytes (x 10%1) 6.8 485
16
15
10

o

Xerophthalmia
Xerostomia
Dysphagia

TMJ disorders
Thyroid dysfunction
Arthritis

Fatigue

oo

Weight loss
Raynaud’s phenom
NSAIDs
Cyclosporin A

v A W DM = N D

Corticosteroids

O O O O O O O O O o o O

N

Antimalarials

Autoantibodies 0 15
Anti-Ro 0 13
Anti-La 0 1
Decreased salivary flow N/A 8

Schirmer’s test N/A 16
MSG biopsy N/A 1

Abbreviations: MSG biopsy Minor salivary gland biopsy, NSAIDs Non-steroidal anti-Inflammatory drugs, TMJ disorder Temporomandibular joint disorder,
AUTOANTIBODIES Anti-Ro, Anti-La, autoantibodies against ribonucleoproteins. Positive test of decreased salivary flow: saliva volume less than 8 ml/30 min (basal
salivation (15 min)/stimulated salivation (15 min)). Positive Schirmer’s test: tear production less than 5 mm of the testing paper in 5 min. Positive minor salivary gland
biopsy: focus score (FS) more or equal 1 (FS is defined as a count of lymphocytic foci containing more than 50 mononuclear cells per 4 mm? tissue biopsy); these three

tests were not applied in the control group

Age and number of leukocytes are displayed as median values. All other parameters are described by the number of positive cases. Xerophthalmia and xerostomia

were characterised as subjective perception of eye and mouth dryness, respectively
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The participants in the control group did not use any
medications.

Both patients and controls agreed with their volun-
tary participation in this study and signed an informed
consent.

Both groups were of the same ethnicity and recruited
from the same geographical area. Number of subjects
in the groups was assessed as described in Supplemen-
tary file.

Samples

Blood samples were collected into Vacutainer tubes
with heparin, tubes with EDTA, and tubes containing
a thrombin additive (BD, UK). Anti-coagulated blood
was used for flow cytometry and RT-qPCR immediately
after the collection, while the serum was separated
from blood elements by centrifugation at 1000 g for
15 min and frozen at -70 °C prior to analysis.

Lymphocyte separation and RT-qPCR

We used negative separation (RosetteSep, StemCells
Technologies, USA) with 1.081 g/cm? density gradient
medium (DM-L, StemCells Technologies, USA) to isolate
the lymphocytes from EDTA-treated peripheral blood
samples. In this population, the CD4* T cells and B cells
were further separated using CD4- and CD19-specific
microbeads (PluriSelect, Germany). The expression lev-
els of Bax, and Bcl-2 mRNA were quantified in CD4" T
cells and B cells as described below. To standardise the
results, the expression was compared to those of two
housekeeping genes expression, GAPDH and HPRT. The
total RNA was extracted from cells in TRIZOL using
phenol—chloroform extraction. Approximately 1 pg of
RNA was transcribed into cDNA using random prim-
ers and M-MLV Reverse Transcriptase, Rnase H Minus,
Point Mutant (Promega, USA) in a total volume of 25 pl.
Briefly, the samples and random primers were heated to
70 °C for 5 min and quickly chilled on ice. Five microli-
tres of 5xRT buffer, 5 pl of ANTPs (10 mM), 1 pl of RNA-
sin, and 1 pl of MLV H-RT were added to the samples.
The mixtures were incubated for 10 min at room tem-
perature and then heated to 47 °C for 50 min and 75 °C
for 15 min in a standard thermal cycler (GeneAmp 9700,
Applied Biosystems). TagMan Gene Expression Master
Mix and TagMan Gene Expression Assays were used for
amplification (Life Technologies, USA). Each reaction
consisted of 45 cycles in a Rotor-Gene 6000 instrument
(Corbett Live Science). The parameters for PCR were as
follows: 50 °C for 2 min, 90 °C for 10 min and 45 cycles at
95 °C for 15 s and at 60 °C for 60 s.

Page 4 of 15

Mononuclear cell separation, flow cytometry, and ELISA
Mononuclear cells were collected from blood samples
treated with EDTA by density gradient centrifugation.
We used 1.077 g/cm® medium (PBS-diluted 1.124 g/
cm® Easycoll, Biochrom, Germany) for the separation.
The platelets were further removed on 1.063 g/cm?
Easycoll at 400 g for 15 min. The cells were washed with
pre-binding buffer (140 mM NaCl, 4 mM KCl, 0.75 mM
MgCl,, 10 mM HEPES; pH 7.2 — 7.4) and re-suspended
in binding buffer (pre-binding buffer recipe plus
2.5 mM CacCl,). The cells were stained with Annexin V
FITC (NeXins Research, Netherlands) and 7-AAD (BD,
USA) for 15 min at room temperature in the dark. We
measured the samples on a FACSCalibur flow cytom-
eter (BD, USA).

The expression of Fas and FasL in various cell popu-
lations was measured in whole blood samples treated
with heparin. The peripheral blood samples were
stained with the following combination of antibodies:
anti-Fas FITC/IL-2Ra PE/CD19 PerCP/CD4 APC and
anti- IL-2Ra FITC/Fas Ligand PE/CD19 PerCP/CD4
APC. Fluorescence minus one (FMQO) control deter-
mined the positive expression of the aforementioned
markers, but we also used isotype controls to exclude
non-specific binding. Cells expressing markers at a low
density were also considered positive. All antibodies
were purchased from Exbio, CZ. Following staining,
the red blood cells were lysed using an isotonic solution
of NH,Cl, centrifuged, and immediately measured on
the flow cytometer. The adequate performance of the
flow cytometer was regularly verified using CaliBrite
beads and FACSComp (BD, USA). CellQuest (BD) was
used to acquire data. The collected data were batch-
analysed with the Flow]Jo 8.7 software (TreeStar, USA).
The expression was characterised with the median fluo-
rescence intensity, MFIL. We used flow cytometry as a
semi-quantitative method. The result was measured
using the same instrument setting, which enabled us
to compare patients and controls. Therefore, all charts
display relative values and do not allow inter-laboratory
comparisons.

An enzyme-linked immunosorbent assay (ELISA)
was performed using the sFas ELISA kit and the sFasL
ELISA kit (R&D Systems, USA). The detection range
of the assay specific for sFas was 15.6 — 2000 pg/
ml. The manufacturer declared no cross-reactivity
between anti-sFas antibodies and other members of
the TNFR family. The detection range of the assay
specific for sFasL was 7.8 — 1000 pg/ml. The manufac-
turer observed no cross-reactivity between anti-sFasL
antibodies and members of the TNF family other than
FasL.
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Statistical analyses

The normality of the sampled data was tested using
the Shapiro—Wilk test. The homogeneity of variances
was determined with Levene’s test. Normally distrib-
uted and homoscedastic data were compared using a
t-test; otherwise, a Mann—Whitney U Test or Kolmogo-
rov—Smirnov Test was used. The relationship between
variables was assessed using the Pearson correlation
coefficient. Categorical variables were evaluated with
Fisher’s exact test. The data were tested at a signifi-
cance level of 5%. We used Statistica 10 (StatSoft, USA)
to perform the tests. SPSS 21 (IBM, USA), procedure
GENLINMIXED was used for generalized linear mixed
models. Statistica 10, GraphPad Prism 8 (GraphPad
Software, USA) and Microsoft Excel (version 14, 2010
Microsoft Corporation, USA) were used to plot graphs.
Graphs that show individual cases only display median
values. All other graphs display median values, quar-
tiles, and non-outliers, unless stated otherwise. Aster-
isks mark the level of the statistical significance. * is for
P<0.05, ** for P <0.005, and *** marks P<0.001.

Results
Study participants
Clinical features are summarized in Table 1. Regard-
ing other clinical symptoms, thyreopathy was noted in
4 patients (25%), joint paint in 11 patients (68.8%), tem-
poromandibular disorders in 8 patients (50%), recurrent
parotitis in 7 patients (43.8%), and chronic fatigue in 11
patients (68.8%).

We adapted the point scoring system for the clinical
evaluation of Sjogren’s syndrome as described.

1) Serology.

Positive anti-SSA/Ro and/or anti SSB/La=score of 5.
Negative anti-SSA/Ro and anti-SSB/La=score of 0.

2) Minor salivary glands biopsy.

FS>1 as defined in Table 1 =score of 4.
Normal salivary gland biopsy =score of 0.

3) Oral examination®

Decreased salivary flow 1<8 ml as defined in
Table=score of 1.
Normal salivary flow=score of 0.
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4) Ocular examination.

CFS>3 or Schirmer’s
BUT <5 s=score of 1.
Normal or CFS <3 and/or Schirmer’s test >5 mm/5 min
and/or BUT >5 s=score of 0.

test<5 mm/5 min or

*SPECT imaging of salivary gland was not performed.
Abbreviations: BUT: breakup time, CFS: cornea fluorescein
staining, FS: focus score.

Similar comparison as described for patients and con-
trols was used for subgroup of patients with low and high
score (Table 2). We compared cell-associated characteris-
tics (expression of Fas and FasL) as well as serum proteins
(sFas and sFasL) using t-tests, but no differences were
found.

Lymphocytes and monocytes

Populations of leukocytes were distinguished on basis of
forward-scattered and side-scattered light characteristics.
These parameters were sufficient to separate lymphocytes
and monocytes in samples of isolated mononuclear cells,
Fig. 1. In the whole blood samples, cell surface marker CD4
was used to distinguish T cells and monocytes. CD 19 sep-
arated B cells from other lymphocytes (Fig. 2 and 3).

Apoptosis
Annexin V and 7-AAD staining revealed a low frequency of
apoptotic and dead cells in both patients and controls. The
percentage of apoptotic lymphocytes (1.17% in controls,
0.87% in patients) and percentage of apoptotic monocytes
(4.35% in controls, 4.57% in patients) did not significantly
differ between groups. The results were similar for the per-
centage of late apoptotic and dead lymphocytes (0.27% in
controls, 0.24% in patients) and monocytes (0.38% in con-
trols, 0.37% in patients), Fig. 1.

Expression of Bcl-2 and Bax (analysed by RT-qPCR),
as well as the ratio of Bax to Bcl-2 did not differ between
patients and controls, Table 3.

Expression of Fas and FasL

The expression of Fas and FasL (expressed as MFI)
was analysed in association with IL-2Ra (Fig. 2, 3). In
Sjogren’s syndrome patients, the expression of Fas was
increased in all observed populations of cells, whereas

Table 2 Scoring

Patients (no.)

Low score (5-7) 8
High score (10-11) 8
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Fig. 1 Flow cytometry analysis of early apoptotic and late apoptotic or dead cells

FasL was only increased in lymphocytes (explained in
further details). CD4" T cells were the sole population
with increased expression of IL-2Ra (Fig. 4).

The expression of Fas in IL-2Ra™ B cell and IL-2Ra™*
CD4" T cells was higher in patients than in con-
trols (P=0.037 and P<0.001, respectively), Fig. 4a, d.
The expression of Fas was also significantly higher in
patients’ monocytes (P=0.04), Fig. 4g.

The expression of FasL in IL-2Ra™ B cells and
IL-2Rat CD4* T cells was higher in patients than con-
trols (P=0.008 and P=0.001, respectively), Fig. 4b, e.
However, the expression of FasL in monocytes was not

significantly different when comparing patients and
controls (P=0.44), Fig. 4h.

The expression of IL-2Ra was not different for B cells
and monocytes (P=0.867 and P=0.151, respectively),
Fig. 4c, i, but in CD4™ T cells, IL-2Ra was higher in
patients (P<0.025), Fig. 4f.

We found a relationship between the expression of
FasL on the cell membrane of lymphocytes and mono-
cytes of controls but not in the patients. The expres-
sion of FasL correlated between the following three cell
populations: FasL* IL-2Ra™ B cells and FasL* IL-2Ra™
CD4" T cells (R*=0.95, P<0.001), FasL* IL-2Ra*
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Fig. 2 Gating strategy for the analysis of Fas in IL-2Ra™ B cell, IL-2Ra* CD4™ T cells, and monocytes in the peripheral blood samples of patients and

controls. Expression of IL-2Ra was also evaluated

CD4* T cells and monocytes (R?=0.73, P<0.001),
monocytes and FasL® IL-2Ra™ B cells (R?=0.82,

P<0.001), Fig. 5a, b, c.

Percentage of Fas* and FasL™ cells

The percentage of monocytes, IL-2Ra™ B cells, of
IL-2Ra*t CD4" T cells did not differ in controls and
patients (P=0.133, P=0.769, and P<0.1), data not
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shown. However, there were differences in percentage of
cells expressing Fas and FasL when comparing patients

and controls, Fig. 2, 3.
Table 3 Ratio of Bax to Bcl-2 (normalised to HPRT) The percentage of Fast IL-2Ra™ B cells was signifi-
cantly increased in patients (P<0.05), Fig. 6a. Strik-
ingly, all five patients that used NSAIDs had lower
Median ~ (Min-Max) ~ Median ~ (Min-Max)  percentage of Fas* IL-2Ra™ B cells than the other
CD4*Tcells 062 (053-095 06 (055-1.06)  eleven patients who did not use NSAIDs (median value
B cells 0.69 (062 -0.78) 069 (067-084)  of 18.8% vs. 49.6%, P<0.001). As a result, the percent-
Number of repeats: 3 age of Fas* IL-2Ra™ B cells in patients using NSAIDs

Controls Patients
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was similar to the percentage of these cells in controls
(median value of 23.5%), Fig. 6a.

To exclude the effect of NSAIDs, we used general-
ized linear mix models. In this model, the percentage of
Fas expressing IL-2Ra* B cells was the target, thus the

patients and control group were the fixed effects, and
the therapy was the random effect. Patients differed from
controls (F=16.826; dfl=1; df2=28; P<0.001). Fig-
ure 7a. When considering NSAIDs as the fixed effect in
order to compare patients with and without the therapy,
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both groups differed significantly (F=26.344; dfl=1;
df2=28; P<0.001), Fig. 7 b, c.

The percentage of Fas™ IL-2Ra* CD4' T cells was
increased in patients but not significantly (P=0.096),
Fig. 6c.

The percentage of FasL* IL-2Rat B cells and FasL*
IL-2Ra™ CD4" T cells was higher in patients than con-
trols (P=0.011 and P<0.005, respectively), Fig. 6b, d.

Soluble Fas and FasL

Analysis of the sera by ELISA revealed the significantly
higher concentration of sFas in patients than in controls
(P=0.043), Fig. 6e. Furthermore, the concentration of
sFasL. was higher in patients than in controls (median
value of 60 pg/ml and 49 pg/ml, respectively), but this
difference was not significant (P=0.152), Fig. 6f.

Discussion

Most of autoimmune diseases cannot be linked to
a single gene mutation. This is depicted by the ani-
mal model of MRL-Fas P mice where mice developed

Sjogren’s-like and systemic lupus erythematosus-like
symptoms due to mutational changes of the Fas gene.
However, no such profound correlations between Fas
polymorphisms or mutations and Sjogren’s syndrome
or systemic lupus erythematosus in humans has been
found. It is more likely that epigenetic modifications
and interactions between signalling pathways impact
Fas and FasL.

Beside our study on Fas and FasL expression, there are
other studies which report dysregulated production of
Fas, FasL and their soluble forms in Sjogren’s syndrome
[20, 48]. However, the results are conflicting. While the
study by Benchabane et al., 2022 reported upregulation
of sFasL [48], Luo et al. 2017 found completely opposite
trend [20], and Nozawa’s group found no trend [19]. Sim-
ilarly, Sahin et al., 2007 and Ogawa et al., 1999 described
no change in sFas, but studies carried by Benchabane
et al,, 2022, Nozawa et al. 1997 and us (Fig. 6e) found
the increase of sFas in the patients [19, 48, 51, 52]. Some
putative discrepancies, such as the expression of Bcl-2 in
Sjogren’s syndrome, are the result of different methodical
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approaches (e.g., serum and salivary glands versus
peripheral blood cells).

Several studies have investigated apoptosis in Sjogren’s
syndrome [53, 54]. Ohlsson and co-workers considered
apoptosis a rare event in these patients [8]. They meas-
ured a low rate of apoptosis in populations of CD4* and
CD8' T cells as well as in mononuclear cells that infil-
trated salivary glands of the patients. Ohlsson’s find-
ing was complemented by the research of Busamia and
co-workers, who found a high degree of proliferation
among infiltrating lymphocytes in salivary glands located
in the lower lip of patients with Sjogren’s syndrome [55].
These data seem to conflict other studies that found an
increased rate of apoptosis among the infiltrating T cells
[52, 56]. Ohlsson’s observation corresponds with the
results we found in peripheral blood lymphocytes, which
also highly expressed Fas, but the rate of apoptosis was
the same as that in control samples.

Furthermore, our findings along with the Ohlsson’s
suggest disruption of activation-induced cell death
(AICD) [57]. AICD requires an increase of FasL and Fas
in cells at the beginning of their activation, while the cells
remain resistant to Fas-induced apoptosis. Nevertheless,
these cells finally undergo apoptosis, thereby preventing
an exaggerated immune response in healthy individuals
[58]. This regulative mechanism seems not to be func-
tional in Sjogren’s syndrome.

Our further observations also indicated a failure of Fas/
FasL regulation. The first observation involved no cor-
relation in FasL expression which was present in healthy
individuals (Fig. 5). The other finding was related to the
increased concentration of serum sFas in our patients
(P=0.04). In healthy individuals, the activation of Fas
promotes the expression of full-length Fas via the acti-
vation of kinase FAST K, which indirectly controls the
inclusion of exon 6 in the pre-mRNA [59, 60]. Only Fas
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isoforms that include exon 6 are expressed on the cell
membrane. This mechanism, which leads to the expres-
sion of membrane Fas, can be diverted by repressors of
the inclusion of exon 6. As a result, a soluble isoform of
Fas is generated. Therefore, the expression of membrane
Fas should negatively correlate with the expression of
sFas. Although the activation of Fas may be responsi-
ble for the increase in Fas expression on the cell mem-
branes, it does not explain the increase of sFas that was
also found in the sera of our patients. The mechanism
by which the increased levels of both isoforms of Fas are
maintained and why the cells that abundantly express
Fas are not removed in Sjogren’s syndrome remains to be
identified.

Although the sample size of our study group was
small, variability within this group was low, particularly
in terms of ethnicity (all patients were Caucasians who
were born and raised in the Czech Republic). Therefore,
we can consider our observations valid for the specified
population which unfortunately excludes Vietnamese
and Roma people who represent minorities in CZ. How-
ever, regarding the therapy that our patients received,
there are limits in interpretation and extrapolation of
our results because different immunosuppressive medi-
cation further fractions the sample group. Nozawa and
co-workers described a connection between steroid
therapy and the decrease in serum sFas and sFasL in
patients with systemic lupus erythematosus [19]. We
observed a similar connection between NSAIDs and
the decrease in the percentage of Fas* IL-2Ra™ B cells
(Fig. 6a), but no effect of other immunosuppressive
therapy (cyclosporin A and corticosteroids) on Fas and
FasL expression.

We can conclude that at the molecular level, there is
an aberrant expression of various proteins, including Fas
and FasL, and unusual activation of signalling pathways
which cannot be solely attributed Sjogren’s syndrome
[61]. Although scientists as well as clinicians are aware of
familial clustering and co-occurrence of clinically differ-
ent autoimmune diseases, especially in the case of con-
nective tissue disorders, there is no direct link between
genetic factors and Sjogren’s syndrome, [62, 63]. We can
expect that patients with Sjogren’s syndrome who belong
to distinct ethnic groups will suffer from the disease to
various extent not only because of different genetic back-
ground but also because of different environmental trig-
gers associated with the disease. These two factors are
likely to bring discordances into observations of mecha-
nisms which underly Sjégren’s syndrome and make diffi-
cult to pinpoint markers that reflect the disease and its
progression [64, 65].
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Conclusions

In Sjogren’s syndrome, the rate of apoptosis of periph-
eral blood lymphocytes and monocytes does not seem
changed, even though these cells highly co-express Fas
and IL-2Ra. However, the lymphocytes also upregulate
FasL, and thus, may induce apoptosis of other cells. Still,
due to the conflicting results between various studies, Fas
and FasL do not seem to be suitable markers of Sjogren’s
syndrome and its progression.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512865-023-00544-5.

[ Additional file 1. }

Acknowledgements
The authors would like to thank Moeina Afshari for proof-reading of the
manuscript.

Authors’ contributions

JKand RS designed the study. MS, RS, and IL classified the patients. MS, RS,
and IL organized the collection of samples. MK, RV, TS, and MC acquired data
and analysed them. MK and EJ performed statistical analyses. IL, MK, and MR
wrote the manuscript while JK and TS proofread it. All authors have read and
approved the manuscript.

Funding
This work was funded by Charles University, the Cooperatio Program, research
area IMMU.

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study adhered to the ethical standards stated in the Helsinki Declara-

tion and was approved by the Ethics Committee of the University Hospital
Hradec Kralove and Faculty of Medicine, Charles University, CZ under the no.
201408S21P. All participants were informed about the purpose of the study
and confirmed their voluntary enrolment by signing a written consent form.
They were also free to cancel their participation any time as they wished, upon
request.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Dentistry, Faculty of Medicine in Hradec Kralove, Charles
University and University Hospital, Sokolska 581, 500 05 Hradec Kralove, Czech
Republic. “Department of Clinical Immunology and Allergology, Faculty

of Medicine in Hradec Kralove, Charles University, Simkova 870, 500 03 Hradec
Kralove, Czech Republic. *Institute of Clinical Biochemistry and Diagnostics,
University Hospital, Sokolska 581, 500 05 Hradec Kralove, Czech Republic.
“Department of Biology, Jan Evangelista Purkyne University, Za Valcovnou
1000/8, 400 96, Usti and Labem, Czech Republic.


https://doi.org/10.1186/s12865-023-00544-5
https://doi.org/10.1186/s12865-023-00544-5

Lindrova et al. BMC Immunology

(2023) 24:12

Received: 24 January 2022 Accepted: 1 June 2023
Published online: 23 June 2023

References

1.

Manea ME, Mueller RB, Dejica D, Sheriff A, Schett G, Herrmann M, Kern

P Increased expression of CD154 and FAS in SLE patients’ lymphocytes.
Rheumatol Int. 2009;30(2):181-5.

Volpe E, Sambucci M, Battistini L, Borsellino G. Fas-Fas Ligand: checkpoint
of T cell functions in multiple sclerosis. Front Immunol. 2016;7:382.
Poissonnier A, Sanséau D, Le Gallo M, Malleter M, Levoin N, Viel R, Morere
L, Penna A, Blanco P, Dupuy A, et al. CD95-mediated calcium signaling
promotes T helper 17 trafficking to inflamed organs in lupus-prone mice.
Immunity. 2016;45(1):209-23.

Siegel RM, Chan FK, Chun HJ, Lenardo MJ. The multifaceted role of Fas
signaling in immune cell homeostasis and autoimmunity. Nat Immunol.
2000;1(6):469-74.

Jimenez F, Aiba-Masago S, Al Hashimi |, Vela-Roch N, Fernandes G, Yeh
CK, Talal N, Dang H. Activated caspase 3 and cleaved poly(ADP-ribose)
polymerase in salivary epithelium suggest a pathogenetic mechanism for
Sjogren’s syndrome. Rheumatology (Oxford). 2002;41(3):338-42.

Suzuki |, Fink PJ. Maximal proliferation of cytotoxic T lymphocytes requires
reverse signaling through Fas ligand. J Exp Med. 1998;187(1):123-8.
Herrera-Esparza R, Bollain y Goytia J, Ruvalcaba C, Ruvalcaba M, Pacheco-
Tovar D, Avalos-Diaz E. Apoptosis and cell proliferation: the paradox of
salivary glands in Sjégren's disease. Acta reumatolégica portuguesa.
2008;33:299-303.

Ohlsson M, Skarstein K, Bolstad Al, Johannessen AC, Jonsson R. Fas-
induced apoptosis is a rare event in Sjogren’s syndrome. Lab Invest.
2001;81(1):95-105.

Blokland SLM, van den Hoogen LL, Leijten EFA, Hartgring SAY, Fritsch

R, Kruize AA, van Roon JAG, Radstake T. Increased expression of Fas on
group 2 and 3 innate lymphoid cells is associated with an interferon
signature in systemic lupus erythematosus and Sjégren’s syndrome.
Rheumatology (Oxford). 2019;58(10):1740-5.

Tsubota K, Fujita H, Tadano K, Onoda N, Tsuzaka K, Takeuchi T. Abnormal
expression and function of Fas ligand of lacrimal glands and peripheral
blood in Sjégren’s syndrome patients with enlarged exocrine glands. Clin
Exp Immunol. 2002;129(1):177-82.

. Wise CM, Woodruff RD. Minor salivary gland biopsies in patients

investigated for primary Sjogren’s syndrome. A review of 187 patients. J
Rheumatol. 1993;20(9):1515-8.

Yoshimoto K, Tanaka M, Kojima M, Setoyama Y, Kameda H, Suzuki K,
Tsuzaka K, Ogawa Y, Tsubota K, Abe T, et al. Regulatory mechanisms for
the production of BAFF and IL-6 are impaired in monocytes of patients of
primary Sjogren’s syndrome. Arthritis Res Ther. 2011;13(5):R170.

Chan H, Bartos DP, Owen-Schaub LB. Activation-dependent transcrip-
tional regulation of the human Fas promoter requires NF-kappaB p50-
p65 recruitment. Mol Cell Biol. 1999;19(3):2098-108.

Herrero R, Kajikawa O, Matute-Bello G, Wang Y, Hagimoto N, Mongovin S,
Wong V, Park DR, Brot N, Heinecke JW, et al. The biological activity of FasL
in human and mouse lungs is determined by the structure of its stalk
region. J Clin Invest. 2011;121(3):1174-90.

Suda T, Hashimoto H, Tanaka M, Ochi T, Nagata S. Membrane Fas ligand
kills human peripheral blood T lymphocytes, and soluble Fas ligand
blocks the killing. J Exp Med. 1997;186(12):2045-50.

Cheng J, ZhouT, Liu C, Shapiro JP, Brauer MJ, Kiefer MC, Barr PJ, Mountz
JD. Protection from Fas-mediated apoptosis by a soluble form of the Fas
molecule. Science. 1994;263(5154):1759-62.

Ackery A, Robins S, Fehlings MG. Inhibition of Fas-mediated apoptosis
through administration of soluble Fas receptor improves functional out-
come and reduces posttraumatic axonal degeneration after acute spinal
cord injury. J Neurotrauma. 2006;23(5):604-16.

Nakamura H, Kawakami A, Izumi M, Nakashima T, Takagi Y, Ida H, Naka-
mura T, Nakamura T, Eguchi K. Detection of the soluble form of Fas ligand
(sFasL) and sFas in the saliva from patients with Sjogren’s syndrome. Clin
Exp Rheumatol. 2005;23(6):915.

Nozawa K, Kayagaki N, Tokano Y, Yagita H, Okumura K, Hasimoto H.
Soluble Fas (APO-1, CD95) and soluble Fas ligand in rheumatic diseases.
Arthritis Rheum. 1997,40(6):1126-9.

20.

21.

22.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

Page 14 of 15

Luo J,Wang Y, Yu B, Qian H, He Y, Shi G. A potential of sFasL in preventing
gland injury in Sjogren’s syndrome. Biomed Res Int. 2017;2017:5981432.
Kischkel FC, Hellbardt S, Behrmann |, Germer M, Pawlita M, Krammer PH,
Peter ME. Cytotoxicity-dependent APO-1 (Fas/CD95)-associated proteins
form a death-inducing signaling complex (DISC) with the receptor. Embo
j. 1995;14(22):5579-88.

Powell WC, Fingleton B, Wilson CL, Boothby M, Matrisian LM. The metal-
loproteinase matrilysin proteolytically generates active soluble Fas ligand
and potentiates epithelial cell apoptosis. Curr Biol. 1999,9(24):1441-7.

. Malleter M, Tauzin S, Bessede A, Castellano R, Goubard A, Godey F,

Levéque J, Jézéquel P, Campion L, Campone M, et al. CD95L cell surface
cleavage triggers a prometastatic signaling pathway in triple-negative
breast cancer. Cancer Res. 2013;73(22):6711-21.

. Poissonnier A, Guégan J-P, Nguyen HT, Best D, Levoin N, Kozlov G,

Gehring K, Pineau R, Jouan F, Morere L, et al. Disrupting the CD95-
PLCy1 interaction prevents Th17-driven inflammation. Nat Chem Biol.
2018;14(12):1079-89.

. Scaffidi C, Schmitz |, Krammer PH, Peter ME. The role of c-FLIP in modula-

tion of CD95-induced apoptosis. J Biol Chem. 1999,274(3):1541-8.

. Zhang, Li D, Zhao X, Song S, Zhang L, Zhu D, Wang Z, Chen X, Zhou

J. Decoy receptor 3 suppresses FasL-induced apoptosis via ERK1/2
activation in pancreatic cancer cells. Biochem Biophys Res Commun.
2015/463(4):1144-51.

. Mapara MY, Bargou R, Zugck C, Déhner H, Ustaoglu F, Jonker RR, Kram-

mer PH, Dorken B. APO-1 mediated apoptosis or proliferation in human
chronic B lymphocytic leukemia: correlation with bcl-2 oncogene expres-
sion. Eur J Immunol. 1993;23(3):702-8.

Sun XM, Bratton SB, Butterworth M, MacFarlane M, Cohen GM. Bcl-2

and Bcl-xL inhibit CD95-mediated apoptosis by preventing mitochon-
drial release of Smac/DIABLO and subsequent inactivation of X-linked
inhibitor-of-apoptosis protein. J Biol Chem. 2002;277(13):11345-51.
Khaled AR, Kim K, Hofmeister R, Muegge K, Durum SK. Withdrawal of IL-7
induces Bax translocation from cytosol to mitochondria through a rise in
intracellular pH. Proc Natl Acad Sci. 1999,96(25):14476-81.

Smaili SS, Hsu YT, Sanders KM, Russell JT, Youle RJ. Bax translocation to
mitochondria subsequent to a rapid loss of mitochondrial membrane
potential. Cell Death Differ. 2001;8(9):909-20.

Hayashi Y, Arakaki R, Ishimaru N. The role of caspase cascade on

the development of primary Sjégren’s syndrome. J Med Invest.
2003;50(1-2):32-8.

Lowe CE, Cooper JD, Brusko T, Walker NM, Smyth DJ, Bailey R, Bourget K,
PlagnolV, Field S, Atkinson M, et al. Large-scale genetic fine mapping and
genotype-phenotype associations implicate polymorphism in the IL2RA
region in type 1 diabetes. Nat Genet. 2007;39(9):1074-82.

Bolstad Al, Wargelius A, Nakken B, Haga HJ, Jonsson R. Fas and Fas ligand
gene polymorphisms in primary Sjogren’s syndrome. J Rheumatol.
2000;27(10):2397-405.

Nakamura H, Horai Y, Shimizu T, Kawakami A. Modulation of apoptosis by
cytotoxic mediators and cell-survival molecules in Sjogren’s syndrome.
Int J Mol Sci. 2018;19(8):2369.

Arenas-Ramirez N, Woytschak J, Boyman O. Interleukin-2: biology, design
and application. Trends Immunol. 2015;36(12):763-77.

Pertovaara M, Silvennoinen O, Isomadki P. STAT-5 is activated constitutively
inT cells, B cells and monocytes from patients with primary Sjogren’s
syndrome. Clin Exp Immunol. 2015;181(1):29-38.

Keindl M, Davies R, Bergum B, Brun JG, Hammenfors D, Jonsson R, Lys-
senkoV, Appel S. Impaired activation of STATS5 upon IL-2 stimulation

in Tregs and elevated sIL-2R in Sjogren’s syndrome. Arthritis Res Ther.
2022;24(1):101.

Grabstein K, Dower S, Gillis S, Urdal D, Larsen A. Expression of interleukin
2, interferon-gamma, and the IL 2 receptor by human peripheral blood
lymphocytes. J Immunol. 1986;136(12):4503-8.

Lee S-H, Fragoso MF, Biron CA. Cutting edge: a novel mechanism bridg-
ing innate and adaptive immunity: IL-12 induction of CD25 to form
high-affinity IL-2 receptors on NK cells. J Immunol. 2012;1201528:2712.
Sun ZG,Wang Z, Zhu LM, Fang YS, Yu LZ, Xu H. The interleukin-2 receptor
a chain (CD25) plays an important role in regulating monocyte-derived
CD40 expression during anti-porcine cellular responses. Transplant Proc.
2012;44(4):1139-42.

Liang D, Zuo A, Shao H, Born WK, O'Brien RL, Kaplan HJ, Sun D. Role

of CD25<sup>+</sup> dendritic cells in the generation of Th17



Lindrova et al. BMC Immunology

42.

43.

44,
45,

46.

47.

48.

49.

50.

51

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

(2023) 24:12

autoreactive T cells in autoimmune experimental uveitis. J Immunol.
2012;188(11):5785-91.

Malek TR. The biology of interleukin-2. Annu Rev Immunol.
2008,;26(1):453-79.

Leonard WJ, Krénke M, Peffer NJ, Depper JM, Greene WC. Interleukin 2
receptor gene expression in normal human T lymphocytes. Proc Natl
Acad Sci U S A. 1985;82(18):6281-5.

Liao W, Lin JX, Leonard WJ. Interleukin-2 at the crossroads of effector
responses, tolerance, and immunotherapy. Immunity. 2013;38(1):13-25.
O'Shea JJ, Paul WE. Mechanisms underlying lineage commitment and
plasticity of helper CD4+ T cells. Science. 2010;327(5969):1098-102.
Brisslert M, Bokarewa M, Larsson P, Wing K, Collins LV, Tarkowski A. Pheno-
typic and functional characterization of human CD25+ B cells. Immunol-
0gy. 2006;117(4):548-57.

Akiyama M, Sasaki T, Kaneko Y, Yasuoka H, Suzuki K, Yamaoka K, Takeuchi
T. Serum soluble interleukin-2 receptor is a useful biomarker for disease
activity but not for differential diagnosis in IlgG4-related disease and
primary Sjogren’s syndrome adults from a defined population. Clin Exp
Rheumatol. 2018;36 Suppl 112(3):157-64.

Benchabane S, Slimani-Kaddouri A, Acheli D, Bendimerad-Iratene T,
Mesbah R, Touil-Boukoffa C. Association between Increased Bcl-2, Fas
and FasL levels and inflammation extent in labial salivary glands during
primary Sjogren’s syndrome. Endocr Metab Immune Disord Drug Targets.
2022,22(3):328-38.

Dikshit P, Chatterjee M, Goswami A, Mishra A, Jana NR. Aspirin induces
apoptosis through the inhibition of proteasome function. J Biol Chem.
2006;281(39):29228-35.

Power JJ, Dennis MS, Redlak MJ, Miller TA. Aspirin-induced mucosal cell
death in human gastric cells: evidence supporting an apoptotic mecha-
nism. Dig Dis Sci. 2004;49(9):1518-25.

Sahin M, Aydintug O, Tunc SE, Tutkak H, Naziroglu M. Serum soluble Fas
levels in patients with autoimmune rheumatic diseases. Clin Biochem.
2007;40(1-2):6-10.

Ogawa N, Dang H, Kong L, Anaya JM, Liu GT, Talal N. Lymphocyte apop-
tosis and apoptosis-associated gene expression in Sjégren’s syndrome.
Arthritis Rheum. 1996;39(11):1875-85.

Loro L, Vintermyr OK, Johannessen AC. Apoptosis in normal and diseased
oral tissues. Oral Dis. 2005;11(5):274-87.

Mitsias DI, Kapsogeorgou EK, Moutsopoulos HM. Sjogren’s syndrome:
why autoimmune epithelitis? Oral Dis. 2006;12(6):523-32.

Busamia B, Gonzalez-Moles MA, Ruiz-Avila |, Brunotto M, Gil-Montoya JA,
Bravo M, Gobbi C, Finkelberg A. Cell apoptosis and proliferation in salivary
glands of Sjogren’s syndrome. J Oral Pathol Med. 2011;40(9):721-5.
Zeher M, Szodoray P, Gyimesi E, Szondy Z. Correlation of increased sus-
ceptibility to apoptosis of CD4+ T cells with lymphocyte activation and
activity of disease in patients with primary Sjogren’s syndrome. Arthritis
Rheum. 1999;42(8):1673-81.

lezzi G, Karjalainen K, Lanzavecchia A. The duration of antigenic
stimulation determines the fate of naive and effector T cells. Immunity.
1998;8(1):89-95.

Van Parijs L, Refaeli Y, Lord JD, Nelson BH, Abbas AK, Baltimore D.
Uncoupling IL-2 signals that regulate T cell proliferation, survival, and Fas-
mediated activation-induced cell death. Immunity. 1999;11(3):281-8.
Izquierdo JM, Valcércel J. Fas-activated Serine/Threonine Kinase (FAST K)
Synergizes with TIA-1/TIAR proteins to regulate fas alternative splicing*.
J Biol Chem. 2007,282(3):1539-43.

lzquierdo JM, Majés N, Bonnal S, Martinez C, Castelo R, Guigé R, Bilbao D,
Valcércel J. Regulation of Fas alternative splicing by antagonistic effects of
TIA-1 and PTB on exon definition. Mol Cell. 2005;19(4):475-84.

Bolstad Al, Jonsson R. Genetic aspects of Sjogren’s syndrome. Arthritis
Res. 2002;4(6):353-9.

Crdenas-Roldn J, Rojas-Villarraga A, Anaya JM. How do autoimmune
diseases cluster in families? A systematic review and meta-analysis. BMC
Med. 2013;11(1):73.

Reveille JD, Wilson RW, Provost TT, Bias WB, Arnett FC. Primary Sjogren’s
syndrome and other autoimmune diseases in families Prevalence

and immunogenetic studies in six kindreds. Ann Intern Med.
1984;101(6):748-56.

Piram M, Maldini C, Mahr A. Effect of race/ethnicity on risk, presentation
and course of connective tissue diseases and primary systemic vascu-
litides. Curr Opin Rheumatol. 2012;24(2):193-200.

Page 15 of 15

65. Lewis MJ, Jawad AS. The effect of ethnicity and genetic ancestry on the
epidemiology, clinical features and outcome of systemic lupus erythema-
tosus. Rheumatology (Oxford). 2017;56:67-77.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Unsolved mystery of Fas: mononuclear cells may have trouble dying in patients with Sjögren’s syndrome
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patients and controls
	Samples
	Lymphocyte separation and RT-qPCR
	Mononuclear cell separation, flow cytometry, and ELISA
	Statistical analyses

	Results
	Study participants
	Lymphocytes and monocytes
	Apoptosis
	Expression of Fas and FasL
	Percentage of Fas+ and FasL+ cells
	Soluble Fas and FasL

	Discussion
	Conclusions
	Anchor 23
	Acknowledgements
	References


